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Intermolecular Multiple-Quantum Coherences  
in Liquid NMR and Their Applications 




Over the past decade or so, the multiple spin echo (MSE) or intermolecular 
multiple quantum coherence (iMQC) phenomena in highly polarized nuclear spin 
systems have seemed to contradict conventional NMR theory and drawn great 
attention in NMR research community. In the subsequent deliberate research, these 
experimental phenomena were referred to be resulted from intermolecular 
dipole-dipole interaction. In this work, classical dipolar field theory and 
quantum-mechanical density matrix formalism were employed to analyze the 
coherences of spin dynamics. Techniques based on pulsed-field gradients and 
selective excitations were used to study the signals from iMQCs. Several pulse 
sequences were designed to achieve 1D high-resolution NMR spectra in 
inhomogeneous fields. The main results are summarized as follows: 
1. Liquid NMR behaviors related to intermolecular dipolar interactions were 
investigated theoretically and experimentally in highly polarized 
single-component and two-component spin systems. The properties of molecular 
diffusion, transverse relaxation, longitudinal relaxation, and optimal RF flip 
angles were quantitatively characterized. 
2. For the first time, the concept of intermolecular single-quantum coherences 
(iSQCs) was proposed. A combination of dipolar field treatment and Torrey 
equation was used to derive a general theoretical expression for the time 














homonuclear two-spin iSQCs and intermolecular iSQC cross peaks in 
homonuclear pulsed-field gradient COSY experiments were observed and 
characterized, in one- and two-dimensional experiments, respectively. 
3. Signals originating from a pure specific coherence of intermolecular three-spin 
orders were separated and characterized experimentally in highly polarized 
two-component spin systems. For the first time, relaxation and diffusion 
properties of pure intermolecular single-, double-, and triple-quantum 
coherences of three-spin orders were characterized and analyzed in 
one-dimensional experiments. 
4. Several pulse sequences based on the iMQCs were proposed to obtain 
high-resolution 1D NMR spectra in inhomogeneous fields, including the 
SEL-HOMOGENIZED based on intermolecular zero-quantum coherences, 
IDEAL and IDEAL-II methods based on intermolecular double-quantum 
coherences, and IDEAL-III based on intermolecular single-quantum coherences. 
Chemical shifts, J couplings, multiplicity patterns, and relative areas are retained 
with these methods. Each method has its own advantages and plays a 
complementary role in different cases. 
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